Abstract
Introduction
Energy management aims to manage generation and consumption of energy minimizing costs and pollutant emissions. Developing environmentally friendly and efficient energy systems will help to reduce fossil fuel use and the pollutant emissions. In this process, energy demand modeling is an important tool drawing common interest of policy makers, electricity power system planners and scientists. Overestimation of energy consumption would cause idle capacity and financial loss while underestimation would cause devastating power disruptions. Thus, accurate energy forecasting can lead to an overall reduction of cost and successful planning of current operations and future installations. The objective is therefore to simultaneously improve the efficiency of energy systems and develop state-of-art techniques which accurately predict future energy demand.
Energy demand modeling and prediction of future consumption efforts are especially vital for developing markets such as Northern Cyprus. Electricity demand forecasts can be considered in three classes: Short-term forecasts (one hour to one week), medium-term forecasts (one month to one year) and long-term forecasts which are longer than a year. In this study, we provide long and medium term predictions of electricity usage using various forecasting methods. To predict the monthly consumptions, Holt's-Winter's Method is studied due to observed trend and seasonality patterns in the data. As opposed to the traditional application of this method where the model parameters are selected based on trial and error method and regression analysis, this paper follows an innovative approach of optimizing all the model parameters to reach the best results. To predict the annual consumptions, three different approaches have been studied; curve fitting, Holt's method and multiple linear regression with economic variables.
Section 2 presents an overview of the current energy systems of Northern Cyprus and future opportunities/investments for the renewable energy production in the area. Section 3 presents a literature review of energy consumption models while Section 4 provides an analysis of monthly electricity consumption patterns in Northern Cyprus. This section also summarizes application steps of the time series method, optimization process for the model parameters and the numerical study evaluating the performance of the selected method. Section 5 focuses on the annual consumption models. In Section 6, conclusion and future research directions are presented.
Energy Systems Overview of Northern Cyprus
Cyprus is the third largest island in the Mediterranean Sea, after the Italian islands of Sicily and Sardinia (both in terms of area and population). It is also the world's 81st largest by area and world's 49th largest by population. It has a total surface area of 9,250 km² and north of island is 3,355 km² (Wikipedia, 2014) . The economy of Northern Cyprus is dominated by the services sector which includes the public sector, trade, tourism, agriculture and education. Since 1996, Cyprus Turkish Electricity Authority (Kib-Tek), the local state run utility company, has been fully responsible for energy production, transmission and distribution in north side of the island. The total installed capacity was 60 MW in 1995 , 120 MW in 1996 , 327.5 MW in 2008 and 346.3 MW in 2012 . Table 1 summarizes the power stations installed to date (Özerdem and Biricik, 2011, p.72 Figure 1 indicates the electricity generation in Northern Cyprus between 1997 and 2012. As seen Figure  1 , electricity generation has been steadily increasing over years, for instance generated electricity was 1,303 KWh in 2011 displaying 7.21% increase compared to 2010 figures.
Current electricity production in Northern Cyprus is entirely dependent on imported oil and petroleum products. In addition to being expensive and resulting dependency, current system is neither sustainable, nor environmentally friendly. That is why Kib-Tek has been exploring possibilities for renewable energy production, especially solar and wind energy. As an initial effort, 1.3 MWp pilot photovoltaic plant was installed in 2010 and became operational in 2011.
Cyprus is also suitable for electricity generation from wind having a wind speed of 5-7 m/s. Wind map of the area is currently being developed, the current plan is to construct 5MW wind energy station once studies concluded (Kib-Tek, 2014 ).
This overview indicates that Kib-Tek needs precise future estimations of power requirements in order to create short and long time oil-petroleum import plans, and to effectively manage future renewable energy investments.
Literature Review
Energy consumption models are developed with the help of statistical analysis and optimization tools. The value of the prediction model is evaluated based on the availability of historical consumption data and on the knowledge about the key affecting parameters on the energy consumption such as: economic, demographic data, and energy prices. (Ediger and Tatlıdil, 2002, p. 473; Aras and Aras, 2004, p. 463; Ediger et al., 2006, p. 3836; Erdoğ-du, 2007 Erdoğ-du, , p. 1129 . To our knowledge, very limited literature exists which focus on energy modeling in Northern Cyprus.
Econometric methods are also widely used to predict future electricity consumptions. In these techniques, a functional relationship is developed between independent variables and the consumption data using regression method. A prior knowledge about system dynamics and dependable future predictions of independent variables are necessary for reliable and robust econometric models. A large number of studies have been published to investigate the functional relationship between energy consumption and economic and demographic factors in Turkey (Altınay and Karagöl, 2004, p. 985; Ceylan and Öztürk, 2004, p. 2525; Sarı and Soytaş, 2004, p. 335) . On the other hand, variables affecting electricity consumption may vary from one region to another. Egelioglu et al. (2001, p. 355) , investigated the influence of economic variables on the annual electricity consumption in Northern Cyprus for the period of 1988-1997. 
Medium Term Consumption Models
In this section, monthly electricity consumption of Northern Cyprus is evaluated then appropriate time series methods are applied with available data. For the period of 1997-2012, monthly electricity consumption data is obtained for different customer segments from KIB-TEK reports Figure 2 presents monthly fluctuations for this period.
Time-series methods use previously observed values to predict future values. Such methods are appropriate when the history is a good indicator of the future. Any observed demand can be seen as a combination of systematic and a random component because there will always be a random component that cannot be explained by historical demand patterns. The objective of any forecasting technique is to get away from the random component and correctly estimate the systematic component which is the expected value of the demand. There exist two primary methods to estimate the systematic component: static and dynamic methods. Static methods assume that the estimates of "level", "trend", and "seasonality" do not vary in time. Therefore, estimates of these parameters are developed based on historical data and then uses for all future forecasts. On the other hand, adaptive methods update the estimates of level, trend, and seasonality after each new observation (Chopra and Meindl, 2012, p. 203) .
When demand has no observable trend or seasonality, the systematic component only involves: "level". Moving average or simple exponential smoothing methods are appropriate for this case. When the systematic component involves "level" and "trend", Trend Corrected Exponential Smoothing (Holt's method) is more appropriate. When the systematic component also includes "seasonality", Trend and Seasonality Corrected Exponential Smoothing model (Holt's-Winter's method) is appropriate. There are two variations of this method named "additive" and "multiplicative" version. The additive method is preferred when the seasonal variations are constant through the series, while the multiplicative method is preferred when the seasonal variations are changing proportional to the level of the series (Hyndman and Athanasopoulos, 2013) . We believe multiplicative method is more appropriate for the current study.
Let p be the number of seasons per cycle (such as 12 months per year). The forecast equation for HoltWinters method is the following:
(1)
In the equation above, m denotes the forecast made for period "t + m" at time "t" with given estimates of level (L t ), trend (T t ), and seasonal factors (S t ,..., S t+p-1 ). After observing demand for period t + 1 (D t+1 ), the estimates for level, trend and seasonal factors are updated using following smoothing equations:
In the formulations above, is a smoothing constant for the level; is a smoothing constant for the trend and is a smoothing constant for the seasonal factor. To start updating the level, trend and seasonal factors, one need initial estimates of them (L 0 , T 0 and S 1 ,..., S p ). The forecast error for period t is given by the following equation:
When studying accuracy of forecasting methods, following measures are generally analyzed: The Mean Squared Error (MSE), Mean Absolute Deviation (MAD) and Mean Absolute Percentage Error (MAPE). These measures are defined by the following equations:
MSE can be used to estimate the variance of the forecast error. Similarly, 1.25*MAD can be used to estimate the standard deviation of the forecast error (assuming it is normally distributed). The literature concluded that MAD is more appropriate than MSE if the error is not symmetrically distributed. MAD is also better measure than MSE if the cost of the forecast error increases linearly with the size of the error. On the other hand, if this relationship is not linear (cost of a large error is much larger than gains of a small error), utilizing MSE would be a better option as MSE penalizes large errors much more significantly than small errors because all errors are squared. The MAPE is a good measure when the forecast has significant seasonality and demand varies considerably from one period to the next (Chopra and Meindl, 2012, p. 215) .
Optimizing Smoothing Constants and Initial Values of Level, Trend and Seasonality
When the Holt's-Winter's method is applied, one needs to find the best smoothing parameters ( ) to minimize the forecast error measure that is selected (MSE, MAD or MAPE). Initial values for level and trends (L 0 , T 0 ) are generally obtained by a regression analysis. Initial values for the seasonal factors (S 1 , ... , S p ) are also obtained by analyzing seasonal patterns of the data. On the other hand, a recent study showed that the prediction model can further be improved by optimizing the initial values for level, trend and seasonal factors (Rasmussen, 2004, p. 115) . We next present a Nonlinear Programming Model (NLP) which can be utilized for this purpose. Minimize (6) or (7) or (8)
Subject to
The model above assumes that the demand data is available for periods 1 to N. Given this data, the objective function minimizes the chosen error measure (MSE, MAD or MAPE) . This model provides the optimal levels of smoothing constants ( ) together with optimal levels of initial values for level, trend and seasonality factors (L 0 , T 0 , S 1 , ... ,S p )). If the recent data is more representative for the future, one can only involve the last segments of it instead of employing the whole data set. Commercial NLP solvers can be utilized to accurately solve the models above.
Even though specific forecasting software is available, the flexibility, ease of use and graphing capabilities of spreadsheets make spreadsheets attractive for analysts to perform time series analysis. When such models applied, it is also becoming common practice to find optimal smoothing constants using Solver. Recently, Rasmussen (2004, p. 115 ) also suggested optimizing the starting parameters together with smoothing constants using Solver due to its practicality on spreadsheet models. In this study we also adopt Solver. On the other hand, with several decision variables in non-linear models, solver may find a local optimal solution based on the initial values of the decision variables. That is why it is suggested to select the multi-start option in Solver settings.
Application of the Model on Northern Cyprus Consumption Data
As observed in Figure 2 , monthly electricity consumption involves both an increasing trend and seasonality. Therefore, Holt's-Winter's method will be applied to model the consumption. The discussion on error measures suggests that when seasonality exists MAPE is an appropriate measure. That is why MAPE is chosen when defining the objective function of the optimization model. We analyzed four different mo-
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, , dels. We first minimize the objective to find optimal smoothing constants ( ), the results for this case is presented under the heading HW-SC in .This allows to start with large smoothing constant and (give more importance to recent data) and decrease over time. In the long run, the smoothing constant will converge to with the forecast becoming more stable. We refer to this model as SC-LTS-D and Table 2 also summarizes the results of this approach.
Interestingly, smoothing constant for the seasonality is 0 suggesting seasonality influence on consumption does not change much in time. Optimizing parameters of the model has helped to decrease the MAPE from 4.55% to 4.27%. Although applying "declining alpha" approach has not improved the model considerably, SC-LTS-D model still provides the best results in terms of MSE, MAD and MAPE. Figure  3 illustrates the actual consumption versus forecasts obtained by the suggested technique (SC-LTS-D ). 
Long Term Consumption Models
In this section we will focus on annual electricity consumption models since a longer range of annual data is available for annual consumption (between 1977 and 2012) . Our main objective is to gain insights on annual consumption patterns. These insights can also be used to forecast monthly consumption by taking into seasonality. 
Fitting a Curve
Minimizing the sum of the squares of the errors is a mathematical procedure for finding the best-fitting curve to a given set of demand points. Let R 2 be the sum of the squares of the vertical deviations of the curve from a set of N data points. (15) The condition for R 2 to be a minimum is that for all j=0,1, ... , k. Table 3 denotes the three different curves studied for the available data. The observed trend is best described with an exponential curve model where consumption is described by the following function: F t = 152,808 e 0.056(t-1976) where t denotes years. R² value for this curve is calculated as 0.99. Figure 5 illustrates the forecasted values using the exponential curve together with actual observations. (16) !!! = ! + In the equation above, denotes the forecast made for period "t + m" at time "t". After observing demand for period t+1 (D t+1 ), the estimates for level, trend and seasonal factors are updated using following smoothing equations:
The optimal smoothing parameters have to be determined ( and ) to minimize the forecast error measure that is selected (MSE, MAD or MAPE) . Initial values for level (L 0 ) and trends (T 0 ) are traditionally obtained by a regression analysis. The forecasting model can further be fine-tuned by optimizing the initial values for level and trend as discussed earlier in Section 4. We analyzed four different models, in the first two models (H-SC-MSE and H-SC-MAPE) we find the optimal smoothing constants ( ) by minimizing MSE and MAPE respectively. For these models, L 0 and T 0 are determined using the regression method. Table 4 summarizes the results of this approach and Figure 7 presents the annual consumption versus H-SC-LTS-MAPE forecast.
In the last two models (H-SC-LTS-MSE and H-SC-
LTS-MAPE), L 0 , T 0 , S t ,…, S t+p-1 are optimized too.
,

Figure 6. Annual Electricity Consumption versus Forecast (H-SC-LTS-mape)
Our results indicated that H-SC-LTS-MSE model performs favorably compared to the H-SC-MSE model. Similarly, H-SC-LTS-MAPE model performs much better than H-SC-MAPE model. H-SC-LTS-MASE model provides a considerable improvement on MAPE value compared to that of H-SC-LTS-MSE model while it results a slightly higher MSE value. That is why, among four models discussed in this section, we suggest to use H-SC-LTS-MAPE model to predict the annual electricity consumption of the region.
Multiple Linear Regression Analysis Considering Socio-economic Variables
Multiple linear regression analysis is used for modeling the annual energy consumption in Northern Cyprus. The initial model taking different socio-economic variables into consideration is:
Where represents the estimated energy consumption; and values are the regression coefficients. Five independent variables are used as the predictors of the consumption (i.e., GNP for GNP per Capita ($), P for population, I for imports (Million $), E for exports (Million $) and T for tourists). In order to test the energy consumption model of Northern Cyprus, data is collected from State Planning and Organization Department (Devplan, 2014) . Table 5 
The F-ratio for the model is 223.207 indicating that it is highly significant. Figure 7 plots the historical predicted values from the regression model versus the actual values of annual electricity consumption for the period of study. Although the model performs favorably with a high R 2 score, its success relies on the availability of accurate forecasts for the independent variables. Table 6 provides a comparison of the three models suggested for the prediction of the annual electricity consumption in terms of MSE, MAD and MAPE. According to these results, we conclude that the "Exponential" model best describes the annual electricity consumption of Northern Cyprus. We next develop another model (Exponential-M) that uses the predictions of "Exponential" model for the annual electricity consumption and consumption percentages of each month (S month ) as inputs and produce monthly consumption forecasts. Table 7 indicates the consumption percentages for each month. Table 8 provides a comparison of the selected time series method for monthly consumption and "Exponential-M" method. Results confirmed that optimized Holt's and Winter's method with "declining alpha" (HW-SC-LTS-D ) still provides the best results to predict the monthly electricity demand consumption.
Monthly Consumption Modeling Based on the Annual Models and Seasonality
Conclusion
Reliable forecast of energy consumption is vital for policy development and improvement of production and distribution facilities. Currently, electricity production in Northern Cyprus is completely dependent on imported oil and petroleum products. That is why, policy makers have been exploring possibilities for renewable energy production. Considering the need to plan expensive oil-petroleum imports, and to manage future renewable energy investments, there is an indispensable need to precisely estimate future power requirements of the region. A large variety of mathematical methods have been developed for electricity consumption forecasting. In this study, we discuss various approaches for medium and long-term electricity demand forecasting.
For monthly predictions (medium-term forecasts), we have used the optimized Winter's method which is a novel technique in which smoothing and initial parameters are found by minimizing the selected error measure (MSE, MAPE or MAD). We analyzed four different models. In the first model, we minimized MAPE to find the optimal smoothing constants ( ). In the second model, we also consider L 0 and T 0 as decision variables in the model and in the third model the initial seasonality factors (S 1 , ... , S p ) are also assumed to be decision variables. In the fourth model, we incorporated the "declining alpha" approach in our optimized Holt's and Winter's method. Our numerical study showed that the optimized Winter's method produces very promising results to predict monthly electricity consumption of Northern Cyprus. Current study also demonstrates that optimization of smoothing constants and starting para-α , , meters is vital when Winter's method is employed. Another conclusion is that required optimization process is not necessarily difficult when spreadsheets are effectively utilized. On the other hand, "declining alpha" method did not improve the forecasting accuracy much, so one may avoid this approach to avoid extra computational complexity.
Current study also analyzes the behavior of annual demand fluctuations of the region. We first studied optimized Holt's method analyzing four different models; in the first two models, optimal smoothing constants are found by minimizing MSE and MAPE. In the last two models, initial level and trend are optimized too. In addition to Holt's method, we studied four different curves to fit the observed data. Observed trend is best described with an exponential curve. Lastly, a multiple linear regression analysis is applied for modeling the annual energy consumption in Northern Cyprus. Five independent variables are used as the predictors of the consumption (i.e., GNP per Capita, population, imports, exports and tourists). Multiple linear regression method is very useful as it explains the effect of other variables rather than only using the historical data. On the other hand, the results provided by this method could be limited mainly due to two reasons. First, one may not include all the contributing factors into the model and second, the relationship between dependent and independent variables may not be linear and difficult to describe in reality. In addition to forecast accuracy, a forecaster may not choose this method as it is necessary to know or accurately forecast the future values of all predictor variables. Therefore this approach is the most demanding one in terms of data and computing effort and not suggested for this case. The forecasting model to be selected depends on the available data, provided forecast accuracy and required computational complexity. Among these three approaches, it is found that an exponential curve describes the annual electricity consumption of the region most accurately. Fitting a curve method is also the most practical and simple one among others.
Exponential Smoothing and ARIMA models are the two most common time series forecasting approaches. In this study we mostly used Exponential Smoothing which is based on a description of trend and seasonality in the data. ARIMA models aim to describe the autocorrelations in the data. A future researcher may apply ARIMA models to predict the electricity consumption of Northern Cyprus.
